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HA RS, fk 2, B—Misss s
AR R IE L RS A A0 B RRAG . HLAE R

FRRLI 2%, TERFAERHATE A HE W (Kessler et al.,

2005) o AAMEEXREANEERZ TR, AMU™
ER RO HEER, BB ERITI., OB EE T
T, FEACAEETT SEANAL . A0 A A AR T

FEEN: D8F, FERFHMREFHRMLIARE, HRHE: WERAENBES.
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B 310N B a5 0 4 s aR ) . 1) 71 7 v
DRI BAGUIR T HEsc S, 30T RE 2 8OE ™ H 1Y
IR, APARFIHSERSE ( ClarkandWells, 1995) .
A, HASEEEFE N A AR TES, A A R
B HAPMAEEZ, FEAEO TR HRBEE R
5 (S.L.Williams, 1995) o XFhf I A K INASE—
T TSR, BB, fEPATIIRE T, At
L] ( Lievore etal., 2025; Lysakeretal., 2011) . #k TR SBETZ S . TACIZAN MR, £



EFTRAEEEA ERPs HUIBHVT A RISHT

+ 222 - —— AL R T ik 5 )

SLREIR KA A B G PPN 40, MELMETER )
SEMAT S5 (Eysenck et al., 2007 ) . 7ETAEICIZI5TH, i
U SO R AHRAER B, TR AR5
PRI (A &5, 2011) o ZEINARTGHE T,
A1 A A TR TE N X AR AL R R B SR i R I (Rosa-
Alc @ zar et al., 2021) o XEENRITIEIARE NG M2~
W FHRME R IR, iR it — 2D it Ac £ g . Rk, Xt
S SIS B T B

SRIM, A RSW ik, insmm B &S, 27
FMEER . RS HRR (Aderka, 2009) o XLETF
AR B IPA, 5 2 BB B Rl
HYSEIT . UbAh, AR EA W B A EerE, i w RAE
FEE AR b i B, 38 TR AHERE (Clark and
Wells, 1995) o Hitt, BREEREMW. HEFIIZKIT L
WA NESE (Hofmann, 2007) . MR (EEG)
AEA U BARTEREE BRI 4r 284k . R IRE
K5 I A ( Edwards and Ring, 2010) . HH,
FAOCHAL (ERPs) AT LUE AR S A0
X, A A AR R Y T BN VR 2 A 3 T B A A
i, DRI M AT AH DG RUEME B U, S A se AR R T
B EBNEPEXLFELE L (R mE ), JfRes:
IR, T4 4 H7E55 (Kalanthroff et al.,
2016 ) ,

SRR /R T 4138 5 B A 5 R AR AE S0 T
Uit L 2R . REBWE 5 R A3 R B A A1
PATTIRE S ZBIME . B, BER (0'Toole) 5§ A
RIBFRE R, 4138 £ B RAEFAT T RBAT 55 P Y R 3L
BERTEEX R, B ERmEms, T
fiEk2% (O’Toole et al., 2015) . 20214y —IRHFIE %
B, A AR SRR R AR AR B TARICACFA R R & R A T
T EEN ( Rosa—Ale @ zar et al., 2021 ) o ZEMRITEH T
M, sehise (Clark) % ANIAhy, #AcfEEEE L S
TERAB A RN, SEOCEET T E) TS A S
( Clark and Wells, 1995) . ¥ 75 (Eysenck ) it fr
JEW (Derakshan ) PEEHEHIBEISERE, SESHA
I 2 S W TE B, R T X BATAE 55 10 72 (1 7
= (Eysenck and Derakshan, 2011) . [/R-1G ( Bar—
Haim ) S5 ABIBFGEIESE, #38HE M Emotion—Stroop
SR P Y MK ( Bar—Haimetal., 2007) o 78 TAFEE
1208, F—I Mz (2024) MAFR Z3, BAH
ZHEIERRE (Jiang and Li, 2024) BMAR TAETIZ,
FERRAE F i C s ictZ o, BERIL, B
(Buckner ) 55 NWIFREER, #HACEEROK TR,
PAMASAH LS8 A B 25 HE K ( Buckner et al., 2010) . Bif
KR (Amir) AMHEKIE (Bomyea ) MYBFFT AL, #1354
R B AL SE P E B0 TACETE S (Amir and
Bomyea, 2010) . ZENFIRTEMAH, LindE AR E
B, HASE RS IR PEZ AAFAE B 5AHSE (Liu
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etal.,, 2022) o BEH (Fujii) EAMIRFSTRIL, |z MEAL
2 BRI AR A R A R TG M S 86 9 2 AR A B S
FXFHEZH (Fujii et al., 2013) o #b (Park) ZE AN, £
S W AT 55 5 R AR AR B 7 AN 7] 5 W 22 ) R TG 46 1) il
73 (Park and Moghaddam, 2017) ,

Go/No—go3li 20 FH 00 5 A4 S S 40 il 4T 454
Ko B CEARRRATIE LB, W0k HT 45 2
5551 e IX N2 B 43 R HR e T00 X B4 P38 4 s B85 A 56
(Hong et al., 2017) . N-backiB=J& 5 HFlE T1E
A2 RE ST AT S35 . ZEN=-back TAEICIZ Y ERPHF
gEH, PMH R BB MAASY, T TAECICRAE
BITEBTRE S (ZEFJK, P, 2011) o RS HEHER
JEH TR RGP SE 9670 2R T4
il b, N1, P2 i 2 7% U6 A 43 e S 4 U
ML, N2 SERIHAA I, PIRRES IR . ik,
FRA TR FAE—E KR ( Ahumada—Mendez et al.,
2022) .

MLAS 2 > AR W K Ty 22 A B0 3 5 4R AL T 3 i
%o MEBETEHEESGIT HE, WESIBA (4CNN,
LSTM ) fig A R EEGS 5 IR 25 F#E ( Kopp et al.,
1996 ) . WF5Eiin, ZREBPEAEET (178+EEG)
X EAZ FE RN BIER R AT 1889% ( Xie et al., 2022)
B R IRARE T 15% . MR 24P FHR—IA
FVERE Ay AT, B Z BT I RE = A F R 1 RS
Ho FETIL, ARG EZES I TSR R4
( BEPTCNN) , #4Go/No—go (#4541 ) . N-back
( TAEIETS ) FESs 5t CIARIRIENE ) AT R 5
ERPEUE, BTEE E TP TIIRERFIE A &L WA,

2 #Wikl5=xR

ARG R R AL 14884 A B 58 M Liebowitz it
LEEER (LSAS) T30 ([T 55, 2004) 4
i, RAEERLSS R (=604) | K (<40
O3 ) ALICEE IR, SN ST AR AR oK B I T 40 (] 22 5
(1 (49) =19.37, p<0.001) , FLKEBRSIZPIL (&
RSN, Hh@2t A, B4, KfEd20 A, H
b2 N, BAN) 53R gER17~ 254, B
RHAERTF . MAIEF . TORBWIR L L0, 505
mr, XA BAE R B, SRS PAS AR AL
( Zhixiong, 2024 )

3 IRTHS5RERF

31 HITIIEEIHSEE

T2 R = A He S 58 3 S IR 28 SR 4R 47 R S 5
YR (1) Go/No—gof B PEALIMEITIAE, 52401k
W (24 block, B WFLIHMMAE ) 5 (2) £5%
B PP R im v, Sr480iRk (JEARFIWG . 51
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W . AT 4545 120/120/240387K ) 5 (3) N-back{T F, BBRTEFE AR L ERE, 4R 5 e
VAl TAEICTZ, &240183K ( 1-backF12-back#5 1201k LT REAR G I I U A B F A A 22 F (p<0.05) &

W) o FTARESHRATEEL RS (CAFPS-P) SCITEFERBERE, WiE, B2, B3, K4, [#s
FRUEALHIEA R, 2L RS — H260 x 30015 F B 1 Fi7R o

800-1000 ms @ D IR, B (o)
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Figure 1T  GO/NO-GO experimental flowchart
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Figure 3 Task conversion flowchart 2
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Figure 4 1-back experimental flowchart

5 2-back LIHIEE
Figure 5 2-back experimental flowchart

32 HIBXRERSR

17 REEE R Eprime3.0 iC5% UM AT S IEREE, A
BAEF I Brain Products 64 S 25 %% (RFEEZ 500Hz,
HRBHPT <SKQ ) o BUbHEmRRRasE: (1) Xk FO/F10
MM (2) 1-30Hz Al gk & 50Hz THpEN; (3)
FEF KT 200ms FEEREEIE;  (4) IR SAHE S DT AR
(100 VIR ) 5 (5) ICA EMJFHES L EIR,

4 IR

41 SAETSHRAIEREX

TR & =T 55 R M T LA R Y IE
WF S R HE bR (51 x 4548 ) , R AHESR BSOS
BYUNL, N2, P2, P3OV R S%0E (51 x37764E) ,
EATEIS1 x 3821 AR F A 1

42 FHEEESEE

At LA, SRR AR i 0 0 e L g A 4
BE: SVM (1924#1E ) . BEPLERAR (594#1E) . XGBoost
(22451 ) o BT HEFEGEHEET (SVM) | El#
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~J (RF. XGBoost) KIEE > (CNN, LSTM, TCN)
MORRAR R, BUHH2 1 BEPTCNNE AL, did—4E
CNNAREUFT J it R4 AR, — 4NN 2R IR 23 [ 43 1E
TCNEARHT K IRAE , SR ELUSLTE pRECHE M o 5
o BAMEARAITPE D Ak 20 S =5 1), 3l
1100 FE KAETTA 725168 (Accuracy. Fl-score.
Recall, Specificity, PPV, NPVEEHEHR )

5 #R

51 BEFITREEDEMMERRI

5.1.1 ZHER 5 RER

PR T s CIERR . R ) 7ENRHIE, 4
WABTRY S Rf ) AL 4R N2 ST AR RS B SR TR | BEHLAR
MR, = H PRI B I FF I AL 100K E
HIIER IR 1380 {A 0.5729, Hr22°50.1625;
FP f ARG B R REHLAR AR, F10 80 h0.3252, H
T Emi50.2534, RIET THEVLAG I AE, nel
iR
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F 1 HSRBIEREFTHEIERER EREITM (100 XE
SIIE )
Table 1 Machine learning models based on behavioural
data model performance evaluation (100 repeated
validations)

SVM XGBoost RF
F1 Score 0.5729 + 0.1625 0.5020 + 0.1522 0.3252 + 0.2534
ACC/% 57.00 + 14.19 52,18 + 1257  39.36 + 12.06
Recall/% 59.53 + 19.86  50.96 + 21.49 4641 + 41.88
Specificity / % 57.06 + 2427  57.50 + 2330  53.39 + 39.30
PPV /% 61.10 = 21.79 5759 + 21.21  30.74 + 25.10
NPV / % 5591 + 2285 51.28 + 21.30  41.74 + 30.19

5.1.2 FREZEIER

{CHAT B AR, 7E 1007 8 & Bk
TREE 2 IR, Horp, LSTMAS A7 i vFA
Bhr B RS, HF1/3%050.9942 +0.0376, MR
99.36 +4.11%, FWFH~99.23 +4.55%, ¥tk h
99.60 +3.97%, FAMETIINE499.66 +3.31%, FHETRIIE
999.06 + 5.49%, Y5 =AML R R . CNNRSRILEAER
. (87.81 £15.65% ) FIH I (84.39 +23.23% ) J7 ik
TCNFEHS, (AR bR e MR T — 2 43 28hE 7.
TCNBEAITE K 2R LRI R, (HAER [
SN FLSTMARRL . 4nZ2fim .

2 REFIRBETITARERIMETM (100 XE
SWIE )

Table 2 Deep learning models based on behavioural data

model performance evaluation (100 repeated validations)

CNN LST™M TCN
F1 Score 0.8626 + 0.1865 0.9942 + 0.0376 0.9732 + 0.0912

ACC/% 87.81 = 15.65 99.36 + 4.11 96.81 + 9.12
Recall/% 84.39 + 23.23 99.23 + 4.55 97.39 + 8.58
Specificity / % 94.11 + 10.29 99.60 + 3.97 96.70 + 12.43
PPV /% 9295 + 12.24 99.66 + 3.31 97.71 + 7.84
NPV / % 85.47 = 20.73 99.06 + 5.49 95.89 + 13.05

5.2 EFINEBEHIEDLIVREIRY]

5.2.1 ZHEA 5 EREA

22 AR 55 AR R R 7 i L AR 4 28T 55
B RBMARAERE (£ ) o WEHRPTATLUEH,
SVMAAITE R ZHOTAG bR LR Ml , HF180h
0.8230+0.1131, #EFF 182.90=9.47%, FpFt:N
83.65 + 16.49%, BHMETIME #8531 + 14.17%, HETI
MR, XGBoostfE 4 715 (81.78 + 16.92% ) FIBH TN
8 (77.86 +21.30% ) LRI 5, (B SAKRHERZR
FVRR ST TG 2D TSVM., REBETRITE BTG 545 - 29530

www.sciscanpub.com/journals/pc

AAXTHEES, FRMRAEF 12050 (0.7087 +0.1275 ) FIERGR
(71.09 £ 12.75% ) FFEIEZE ., W3R,

33 MISRFSIRBVE TR R A AT (100 RE
SIWIE )
Table 3 Machine learning models based on eeg data
model performance evaluation (100 repeat validation)

SVM XGBoost RF
F1 Score 0.8230 + 0.1131 0.7821 + 0.1274 0.7087 + 0.1275
ACC/% 82.90 = 9.47 77.81 = 1274 71.09 = 12.75

Recall/% 82.63 + 1649  81.78 + 1692 7235 + 18.26
Specificity / % 83.65 + 1649  74.18 + 20.50  73.79 + 21.93
PPV /% 8531 + 14.17 7826 = 1659  75.04 + 20.18
NPV /% 81.61 = 17.28  77.86 = 21.30  69.87 + 20.04

5.2.2 FREZEIIER
NFAR T DUFE = R R R 2 o0 B R AE i R
WAL RIEAH LT, AT . LSTM
MERITE R 2536 hn RN BRE, B EEF1ISEK
(0.9944 £0.0381 ) . HEfAZE (99.45+3.81% ) . FeRdk
(99.80 + 1.98% ) FIBHPETGNE (99.75+2.48% ) 13
F B . TCNARIZEF 1438 (0.9950 +0.0542 ) F4 [A]
F(99.50 +4.97% ) LWL T IHABABIRL, [F]R AR dER 5
(99.45 +5.429% ) FHAbFEAR_FRILB A+ 1LSTM
CNNAERIFE A T8 b L BRI R, (EAHE T LSTMAN
TCNWg#—%, FEETERESE (98.95 +8.31% ) Mk
FHME (99.04 +7.70% ) [F41%.

4 REFIRBETRBEEER L ITME (100 XE
S )
Table 4 Deep learning model performance evaluation of
eeg data based models (100 repeat validation)

CNN LST™M TCN
F1 Score 0.9931 + 0.0644 0.9944 + 0.0381 0.9950 + 5.42
ACC/% 99.18 + 6.44 99.45 + 3.81 99.45 + 5.42
Recall/% 99.35 + 5.16 99.21 + 5.33 99.50 + 4.97
Specificity / % 98.95 + 8.31 99.80 + 1.98 99.40 + 5.96
PPV /% 99.30 + 5.80 99.75 + 2.48 99.50 + 4.97
NPV / % 99.04 + 7.70 99.17 + 5.06 99.40 + 5.96

53 ETFIETHIBDLIVREIRY]

5.3.1 ZHuiER 5 R

SVMIERITE R ZHOTAG TR bR LRI, HF155
(0.8205+0.1031 ) . HEHHR (82.27+10.31% ) . FiF
P (82.81 +17.87% ) FIFHMETMAE (85.03 + 14.45% )
I F HAWAERL . XGBoost#E A B3 (80.38 + 16.56% )
FEAMETRIAE (77.73 £19.84% ) R, HEES
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AU 23R RN R S T S 38D T SVML REMLARAR (RF)
PERITE TG 16 bn L Y R BT 55 , SRR TEF 104K
(0.7166 + 0.1368 ) FERHIF (71.45+13.04% ) FEBRH
EARMTERE, WNZES5HTR.

F5 MBRFIREETFEESHIRER TR (100 X
EEWIF)
Table 5 Machine learning models based on multimodal
data modelling performance evaluation (100 repetitions

validation)
SVM XGBoost RF
F1Score  0.8205 + 0.1031 0.7790 + 0.1215 0.7166 + 0.1368
ACC/% 8227 + 1031  77.81 = 12.15  71.45 = 13.04
Recall/% 82.57 + 16.04  80.38 = 16.56  73.50 + 17.32
Specificity / %  82.81 + 17.87  75.73 + 1937  73.46 + 22.37
PPV /% 85.03 + 1445 7898 + 16.75  75.08 + 20.35
NPV / % 80.72 + 18.78  77.73 = 19.84  70.37 + 20.25

532 HREFEIWE

BT AT A K ERPEE 9 2 B IR BE 2 X P &2
K——FT AT B2 M4 (behavior—-ERP
parallel temporal convolution neural network, BEPTCNN )
TERT A fabs R ORIE RS, HArmE2E ks
AN, WRORTR

7 6 BEPTCNN #EEUE T SRS R ITM (100
REERIE )

Table 6 BEPTCNN model performance evaluation based

on multimodal data modelling (100 iterations of validation)

BEPTCNN

F1 Score 0.9969 + 0.0241

ACC/% 99.63 + 2.85

Recall/% 99.69 + 2.17
Specificity / % 99.60 + 3.97

PPV /% 99.71 + 2.84

NPV /% 99.54 + 3.16
6 it

ARG A PAT AR 5 N TR REHAR,
SRR 2 R R Y LIS R I TR 04 T Tk A AE
W ORGSR, TR ST MR A 2 S B oy
Ferh R LS, FRREASCIR A BEPTCNN
RN 7 45 T0 PP Ak 18 b 1 359 38 B 452 30T 56 55 A9 43 2 1 g
(F1=0.9969 + 0.0241 ) . X— KIS RMZITH
B L RS A, BFEOIEETAL PRl A 2R
YRR RENS B B FH2 WIALEE ( Oloyede and Hancke,
2016)
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6.1 REIMBENESTEA LR

g pLgser 2 (SVM, XGBoost, RF) 7Efi—
RS H I 1 9 R E T R A 56 0 3 i )R PR
BIIF5E 4518 ( Sharma and Giannakos, 2020) . X6
U AR R A AR M S SO LIl A e R 2
YRR AE o R A A TR 45 R 1 o R i e B B
(ACC=82.90+9.47%) . SZIELEEXT LI, RE
2 TR i B AL, EAT R 2R R R
P BEE (LSTMACC=99.36 +4.11% ) , X5t
N (Xie et al., 2022) SCTUREES 1L HRHERIRTT
RS 45 18—,

ZHEESMABMBEPTCNNM & M g
(NPV=99.54 = 3.16% ) CH§ T #iZ2 Q2D IR MM 43¢
SRS B —, $RACHE AR AL B A A 2 R 4
MITIRESH (Yu et al., 2021) ; 5B, 1T REHS5H
RN Z IR M A EAEN (Pujol et al., 2013)
AL AT A AR SRR, AR A T it
SR M RIERAE (N2By )« TR TAEICAZRAE
(P3R4 ) , LABAT RN, X 5Eysencki B il
S (2011) $EH MRS AR S R 3G

6.2 IBFREEALEN

AR HIF I 58 0k 1k b ST B T A A AR IR & W =k 2
Wi, HIGRMERRE =A . &%, 2Bl
H(>99% ) BERTIHERERESE (475% ~85% )
( Bogels et al., 2010) ; Hk, HETERPsHyRBI R
(NUN2) B A tRATIRBIER AL T AT RE, 330 £8 JERR AT
AT U EEAME (Nelson et al., 2024) ; &),
R A H A RRE TR S P ] A AR TR T BRI 2
PS5 YR TN PR 0 R TR Il s JE —
( LM.Williams, 2016) .

63 FBIRSEE

RERMBBENR, RDBEEUTRHR: &
Se, BEARIRAXTESN (N=51) , Al MR Rz fL Ak
H, RS T E 9.0 KEEAREAE (Vabalas et al.,
2019) ; HIR, FTREIFES BT FAAAE SR
BEER, R LEA R B SE B AR TR A AU
(Rivaetal., 2019) ; IRJ5, YHETHAI FZKMIATIIAE
FHOE, BRSSO ANES (IR MIELE SR ) LA
SRARAESEAE (Schmitzetal., 2012) .

KA ZAFIRIREA: B—, FFRARR
PEATRESE , 38 o A B B AR 48 7 SR 2 W AE A i
(Samek et al., 2021) ; 25—, Y mFMFE,
454 ERPs M2 ] W PERRAE SE LY P AL T ( Bian et al.,
2024) ; =, WEBZEINH, IRz A
RE L AN R R R A 1 S HIBLRE ( Dalgleish et al.,
2020)
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AR GTIESE T ZHSRE F A LEEE WL
W B R, BT R A BEPTC N NAS 254 3 L v v e
(>99% ) Rl FRIE M. X—HARZR & BT EY
FRC O PRSI R G20 T ik dtal, HEsh T
TR SR O IR IR B RS
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Diagnosis of Social Anxiety based on Behavioral Data and
ERPs: Application of Artificial Intelligence Methods

Ma Zhize
College of Teacher Education, Ningxia University, Yinchuan

Abstract: Social anxiety is a prevalent psychological issue among college students, severely impairing their mental health
and executive functioning. This study employed three executive function-related experimental paradigms—Go/No-go
(inhibitory control), task-switching (cognitive flexibility), and N-back (working memory)—to collect behavioral and
electroencephalogram (EEG) data from college students. Artificial intelligence methods, including machine learning and
deep learning techniques, were applied to explore objective identification approaches for individuals with social anxiety.
Results demonstrated that when using only behavioral data for classification, deep learning models outperformed
traditional and ensemble machine learning models (e.g., Support Vector Machine, Random Forest). Similarly, deep
learning models exhibited significant advantages in EEG data classification. Notably, the multimodal deep learning
model (BEPTCNN) integrating behavioral and EEG data achieved optimal performance across all evaluation metrics.
This indicates that multimodal data fusion provides richer information, enhancing diagnostic accuracy for social anxiety.
The findings strongly support the development of Al-based diagnostic tools for social anxiety and lay a foundation for
further elucidating its physiological mechanisms and improving intervention strategies. Future research should explore
the generalizability and interpretability of deep learning models, as well as their potential application in real-time
diagnostic systems.

Key words: Executive function; Social anxiety; Artificial intelligence methods; ERPs; Multimodal data fusion
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